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^RIGATION CONTROLLER USING REGRESSION MODEL 

Field of the Invention 

The field of the invention is irrigation controllers. 

Background of the Invention 

Many irrigation controllers have been developed for automatically controlling application of 
water to landscapes. Known irrigation controllers range from simple devices that control watering 
times based upon fixed schedules, to sophisticated devices that vary the watering schedules 
according to local geography and climatic conditions. 

With respect to the simpler types of irrigation controllers, a homeowner typically sets a 
watering schedule that involves specific run times and days for each of a plurality of stations, and 
the controller executes the same schedule regardless of the season or weather conditions. From 
time to time the homeowner may manually adjust the watering schedule, but such adjustments are 
usually only made a few times during the year, and are based upon the homeowner's perceptions 
rather than the actual watering needs. One change is often made in the late Spring when a portion of 
the yard becomes brown due to a lack of water. Another change is often made in the late Fall when 
the homeowner assumes that the vegetation does not require as much watering. These changes to 
the watering schedule are typically insufficient to achieve efficient watering. 

More sophisticated irrigation controllers usually include some hnechanism for automatically 
making adjustments to the irrigation run times to account for daily environmental, variations. One \ 
common adjustment is based on soil moisture. It .is common, for example, to place sensors locally 
in the soil, and suspend irrigation as long as the sensor detects moisture above a given threshold. 
Controllers of this type help to reduce over irrigating, but placement of the sensors is critical to 
successful operation. 

Still more sophisticated irrigation controllers use evapotranspiration rates for determining ; 
the amount of water to be applied to a landscape. Evapotranspiration is the water lost by direct 
evaporation from the soil and plant and by transpiration from th^. plant surface. Potential (i.e, 
estimated) evapotranspiration (ETo) can be calculated from meteorological data-collected on-site, or 



from a similar site. ETo data from meteorological monitoring equipment located on the irrigation 
site is thought to provide the most efficient irrigating of the landscape, however, monitoring 
equipment required to obtain the ETo values is very expensive to install and operate. Therefore, 
most of the data for ETo calculations is gathered from off-site locations. that are frequently operated 
by government agencies. The ETo data is then broadcast by various methods tcrthe irrigation sites. 
One such system, disclosed in US Patent No. 4,962,522, issued October 1990, and in US Patent No. 
5,208,855, issued May 1993, both to Marian, transmits ETo values for multiple geographic zones. 
Irrigation controllers receive arid extract appropriate data for the local conditions, and then use the 
extracted data to calculate run times. Unfortunately, known controllers of this type are notoriously 
complicated to use, and even systems touting automatic adjustment of irrigation flow still require 
relatively complicated input. Systems discussed in the 5,208,855 patent, for example, receive the 
signal, and update.the interval used for preset irrigation control timings rather than determine an 
entirely new irrigation schedule. Systems discussed in US Patent No. 5,444,61 1 issued August, 
1995 to Woytovvitz et al., automatically calculate and execute a new schedule, but the new schedule 
is based upon meteorological data that may not be applicable to the local conditions.. 

Thus, because of cost and/or complicated operating requirements, most residential and small 
commercial landscape sites are primarily irrigated by controllers thac provide inadequate schedule 
modification. This results in either too much or too little water being applied to the landscape, 
which in turn results in both inefficient use of water and unnecessary stress to the plants. Therefore, 
a need still exists for a cost-effective irrigation system for residential and small commercial 
landscape sites, which is capable of frequently varying the irrigation schedule based upon estimates 
of actual water requirements. 

Summary of the Invention 

The present invention provides systems and methods in which an irrigation controller uses a 
regression model to estimate an evapotranspiration rate (estimated ETo), and usesaVie estimated 
ETo to affect an irrigation schedule executed by the controller. . 

The regression model is preferably based upon a comparison of historical ETo values 
against corresponding historical environmental values, with the data advantageously spanning a 



time period of at least two days, and more preferably at least one month. Data from multiple 
environmental factors may also be used. 

The environmental factor(s) utilized may advantageously comprise one or more of 
temperature, solar radiation, wind speed, humidity, barometric pressure, and soil moisture. Values 
relating the environmental factor(s) may enter the controller from a local sensor, a distal signal 
source, or.both. 

Various objects, features, aspects, and advantages of the present invention will become more 
apparent from the following detailed description of preferred embodiments of the invention, along 
with the accompanying drawings in which like numerals represent like components. 

Brief Description of the Drawing s 

Figure 1 is a flow chart of a preferred embodiment of the method of the present invention. 

Figure 2 is a figure showing an exemplary relationship of ET6 versus tenfiperature. 

Figure 3 is a flow chart of the steps in the determination of a regression model which vvould 
be programmed in irrigation controllers. ■ 

Figure 4 is a map depicting how California might be divided into zones with similar 
evapotranspiration characteristics, and the location of a representative weather station within each 
zone. 

Figure 5 is a schematic of an irrigation controller. 

Figure 6 is a flow chart of an irrigation system according to the present invention. 

Figure 7 is a figure showing an exemplary comparison between ETo values determined 
according to the present invention and actual ETo values for 1999 fnom a weather'station located -at 
Merced, California. ' • . - . . , • 

Detailed Description 

In Figure I a method of controlling irrigation run time generally comprises: providing 
historical ETo values 10: providing corresponding environmental values 20; performing a linear 
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• regression for the historical ETo values and the historical environmental values 30; determining a • 
regression model 40; obtaining a current local value for an environmental factor 50; applying that 
value to the regressipn model 40 to estimate current ETo 60; using the current ETo to determine the 
watering schedule 70; and then executing the watering schedule 80. 

The historical ETo values may be obtained from a number of sources, including government 
managed weather stations such as CIMIS (California Irrigation Management Information System, 
maintained by the California Department of Water Resources), CoAgMet maintained by Colorado 
State University-Atmospheric Sciences, AZMET maintained by University of Arizona-Soils, Water 

and Environmental Science Department, New Mexico State University-Agronomy and Horticulture, 

■ ...... .. - . ... 

■J^IO and Texas A&M University- Agricultural Engineering Department. Although slight variations in 

the methods used to determine the ETo values do exist, most ETo calculations utilize the following 
P environmental factors: temperature, solar radiation, wind speed, vapor pressure or hxmiidity, and . 
3 barometric pressure. 

^ Figure 2 shows an exenq)lary relationship of temperature versus ETo over a month. An 

^ !i 5 increase in temperature generally results in an increase in the ETo value, with the opposite 
5 occurring upon a decrease in temperature. The other factors have greater or lesser effects than 

temperature on ETo, but all have some effect on ETo, and each of the environmental factors can be 
used in the determination of a regression model. 

Regression analysis can be performed on any suitable time period. Several years of data is. 
20 preferred, but shorter time spans such as several months, or even a single inonth, can afso ,be u^ed. 
Different regression models can also be generated for different seasons during the^yeifrv fdt diffeferi^^ 
geographic zones, and so forth. 



The regression model is preferably programmed into the central processmg unit or .memory , 
of the irrigation controller using a suitable assembler language of microcode (See Figure 5, 210 and 
25 220). The value or values applied against the regression model are preferably obtaine^^^ 

more local sensors (see Figure 6, steps 311 through 316). The microprocessor based central . . 
processing unit may have conventional interface hardware fof -receiving arid interpreting of data or; 
signals such sensors. 
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In Figure 3 the initial step in a preferred determination of a regression model is to select 
zones with similar evapotranspiration characteristics, step 100. A representative weather station, 
which provides ETo values, is selected in the zone, step 110. Preferably, monthly linear regression 
is performed of one or more historical factor(s) against the historical ETo values, step 120. 
. 5 Monthly regression models are determined from these regression relationships, step 130. All 
irrigation controllers located in a specific zone are then programmed with the regression models 
determined for that zone, step 140. 

Figure 4 is a map depicting how California might be divided into zones with similar 
evapotranspiration characteristics, and the location of a representative weather station within each 
JO zone. 

2 Figure 5 is a schematic of an irrigation controller programmed with a regression model that, 

g along with other inputs and/or adjustments, would determine the run times for the various stations 
J controlled by the irrigation controller. A preferred embodiment of an irrigation controller 200 
-J generally includes a microprocessor based central processing unit 21 0, an on-board memory 220, 
J 5 some manual input devices 230 through 234 (buttons and or knobs), a signal receiving device 240, a 
i display screen 250, a plurality of electrical connectors 260 for connecting with solenoids 270, and a 

h 

L power supply 280. Each of these components by itself is well known in the electronic industry, 
with the exception of the programming of the microprocessor in accordance with the functionality 
set forth herein. 



20 Figure 6 is a flow chart of an irrigation system according to the present invention. It starts 

with step 300 of providingan irrigation controller (See Figure 5, 200) with a regression model 
programmed in the microprocessor based central processing unit 200. Step 310 is the receiving of 
measurements of one or more current environmental factor(s). These measurements are applied to 
the regression model 320 and the run times are determined by the regression model 330. However, 

25 the controller may not activate the valves to irrigate the landscape until an adequate irrigation run 
time has accumulated to permit for deep watering of the soil (not shown). When an adequate 
irrigation run time has been accumulated the controller will activate the valves to each station and 
the landscape will be irrigated 340, except when a manual or automatic override of irrigation 
occurs. 
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Figure 7 is a comparison between actual ETo values and ETo values determined according 
to the present invention for 1999 data from a weather station located at Merced, California. As the 
figure indicates, some differences do exist between actual ETo values and ETo values determined 
by the present invention. However, landscapes at Merced, California, receiving irrigation based on 
the present invention, would receive close to the right amount of water required to maintain the 
plants in a healthy condition and with a reduced waste of water. 

Controllers contemplated herein may, of course, advantageously include features that are not 
necessarily related to the provisioning or use of optionally sequential/concurrent stations. Among 
other things, contemplated controllers may employ software that obtains an evapotranspiration rate 
AO (ETo) from a distal source as described in pending US application serial number 09/082603. 
D Contemplated controllers may also employ software that modifies watering pattems based upon a 
p water budget or sensor input as described in pending US application serial numbers 09/478108 and 
^ 60/209709, respectively. Contemplated controllers may also employ a simplified adjustment 
01 mechanism such as a "more/less" button as described in pending US application serial number 
fs 09/603104. The disclosures of each of these applications are incorporated herein by reference in 

N= their entirety. 

nJ 
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Thus, specific embodiments and applications of irrigation controllers using regression 
models have been disclosed. It should be apparent, however, to those skilled in the art that many 
more modifications besides those described are possible without departing from the inventive 
20 concepts herein. The inventive subject matter, therefore, is not to be restricted except in the spirit of 
the appended claims. 
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